Recent studies have asked whether activity in the medial temporal lobe (MTL) and the neocortex can distinguish true memory from false memory. A frequent complication has been that the confidence associated with correct memory judgments (true memory) is typically higher than the confidence associated with incorrect memory judgments (false memory). Accordingly, it has often been difficult to know whether a finding is related to memory confidence or memory accuracy. In the current study, participants made recognition memory judgments with confidence ratings in response to previously studied scenes and novel scenes. The left hippocampus and 16 other brain regions distinguished true and false memories when confidence ratings were different for the two conditions. Only three regions (all in the parietal cortex) distinguished true and false memories when confidence ratings were equated. These findings illustrate the utility of taking confidence ratings into account when identifying brain regions associated with true and false memories. Neural correlates of true and false memories are most easily interpreted when confidence ratings are similar for the two kinds of memories.
The medial temporal lobe (MTL) plays an essential role in memory formation and in its retrieval for a time after learning (Squire and Zola-Morgan 1991; Eichenbaum and Cohen 2001) . Recent studies have asked whether the MTL is differentially involved when memory judgments are accurate versus when they are inaccurate. In the first case, individuals believe their judgments to be correct, and they are right (i.e., hits, true memory). In the second case, individuals also believe their judgments to be correct, but they are wrong (i.e., false alarms, false memory). A few studies have found that the MTL can distinguish true from false memory, but most studies have not obtained this finding (for review, see Dennis et al. 2014 ). In the neocortex, regions in the parietal and prefrontal cortex have been reported to distinguish true from false memory (for review, see Schacter and Slotnick 2004) .
A complication in many of these studies is that accurate memory judgments are ordinarily associated with higher confidence than inaccurate memory judgments. Yet, with rare exception (Kim and Cabeza 2007) , studies investigating true and false memories have not taken confidence ratings into account. As a result, it has been unclear whether brain regions detected in these studies reflect a difference between high-confidence and lowconfidence judgments or a difference between true and false memories. Kim and Cabeza (2007) compared true and false memories separately for trials associated with high confidence and trials associated with low confidence. They found that regions in the MTL distinguished high-confidence true and false memories but not low-confidence true and false memories. This study and most others (but see Kirwan et al. 2009 ) that contrasted true and false memories used paradigms where the foils were either conceptually or perceptually related to the targets (e.g., Deese 1959; Roediger and McDermott 1995) . These procedures increase the frequency of false memories. As it stands, little is known about the brain regions associated with true and false memories when confidence ratings are taken into account and when the foils are unrelated to the targets. Note that false alarms made to foils that are unrelated to targets presumably reflect a different set of real-world conditions than false alarms made to foils that are related to targets.
We asked participants to make recognition memory judgments with confidence ratings in response to 240 previously studied scenes intermixed with an equal number of novel scenes (Fig.  1) . The scenes were selected so that they were as distinct as possible from one another. We equated confidence ratings for true and false memory judgments and then looked for brain regions in the MTL and in the neocortex that distinguished true and false memories as well as brain regions that responded similarly for true and false memories.
Results

Behavioral performance
Participants scored well above chance on the recognition memory test (accuracy ¼ hit rate/(hit rate + false alarm rate) ¼ 79.8 + 2.0% correct, d
′ ¼ 1.5 + 0.1, Ps , 0.001). For hits, 14.1%, 19.0%, and 66.9% of the trials were given a confidence rating of 4, 5, and 6, respectively. For false alarms, 48.2%, 37.2%, and 14.5% of the trials were given a confidence rating of 4, 5, and 6, respectively.
fMRI analysis
The following analyses were carried out separately for voxels in the MTL and voxels in the whole brain (excluding the MTL). We first identified areas that distinguished true memory (hits) from false memory (false alarms). We noted, as is typically the case, that hits were associated with higher confidence ratings than false alarms (5.5 versus 4.6, P , 0.001). Accordingly, we contrasted hits and false alarms in two different ways. First, we contrasted activity in response to hits with activity in response to false alarms without taking account of confidence ratings. One MTL cluster in the left hippocampus (X ¼ 225.3, Y ¼ 232.0, Z ¼ 25.0; 783 mm 3 ), 12 neocortical clusters (in prefrontal, temporal, parietal, and occipital cortex), and one cluster in the caudate nucleus exhibited activity that was greater for hits than for false alarms. Three additional neocortical clusters (in prefrontal cortex) exhibited activity that was greater for false alarms than for hits. These findings could have reflected a difference between true and false memories, or they could have reflected the difference between high and low confidence.
To test if activity in these 17 clusters was related to the level of confidence, we carried out a regression analysis to examine activity in each of these regions as a function of confidence level. We restricted these analyses to items judged to be old (i.e., for confidence ratings 4, 5, and 6), irrespective of whether judgments were accurate or inaccurate. This analysis revealed that activity in all 17 regions was related to confidence ratings. Specifically, the 14 clusters that exhibited higher activity for hits than for false alarms exhibited activity that was positively related to confidence ratings (P , 0.01), and the three clusters in prefrontal cortex that exhibited higher activity for false alarms than for hits exhibited activity that was negatively related to confidence ratings (P , 0.01).
We next contrasted activity in response to hits with activity in response to false alarms when confidence ratings were matched for these two conditions. Separate analyses were carried out for high-confidence trials and low-confidence trials. When confidence ratings were high (and equated) for both true and false memories (confidence ratings ¼ 5.2 and 5.2, respectively; accuracy ¼ 74.9 + 2.2% correct), only three clusters were identified, two in anterior parietal cortex bilaterally and one in right medial parietal cortex (Table 1 ; Fig. 2 ). Two of these three clusters overlapped minimally with two clusters in the original group of 17 clusters identified when confidence was different for hits and false alarms (see clusters 3 and 4 in Table 1 and Fig. 2 ). All three clusters exhibited higher activity for true memory than false memory. No clusters were identified when confidence ratings were low (and equated) for true and false memories (confidence ratings ¼ 4 and 4, respectively; accuracy ¼ 45.7 + 2.4% correct), probably because performance was no better than chance in this condition (P ¼ 0.10).
Because two earlier studies (Kim and Cabeza 2007; Dennis et al. 2012) found that MTL activity distinguished true and false memories when strong memories were examined, we explored the possibility that clusters in the MTL might be observed if the probability threshold were more lenient. Accordingly, we compared true and false memories for high-confidence trials using a more lenient voxel-wise threshold (P , 0.05). With this more lenient probability threshold, we identified a cluster in the left hippocampus (540 mm 3 , uncorrected) where activity was higher for hits than for false alarms (Table 1; Fig. 2 ). This sub-threshold cluster partially overlapped with the hippocampal cluster identified Figure 1 . Task design. Participants studied a different set of 80 color photographs of scenes at each of four intervals before scanning (320 total). In the scanner, participants made recognition memory judgments with confidence ratings (1 -6) in response to scenes (240 studied scenes intermixed with 240 novel scenes) and made odd/even judgments in response to digits (baseline trials). Scene trials were interleaved with 0 -7 baseline trials. These clusters were identified by a contrast between true memory (hits) and false memory (false alarms) when confidence ratings associated with hits and false alarms were equated. Cluster numbers correspond to cluster numbers in Figure 2 . Cohen's d reflects the difference in means, measured in standard deviations. a A sub-threshold cluster was detected only by using a voxel-wise threshold of P , 0.05, uncorrected. b Cluster-wise P , 0.01. Cold Spring Harbor Laboratory Press on November 10, 2015 -Published by learnmem.cshlp.org Downloaded from before confidence was equated. No clusters were identified in the MTL for low-confidence trials.
Next, we identified regions where activity was associated with both true memory (hits . correct rejections) and false memory (false alarms . correct rejections). Activity in these regions was related to a participant's judgment that the scene had been studied, regardless whether the judgment was correct or incorrect. To identify these regions, we first carried out an analysis without taking account of confidence ratings. No clusters were identified in the MTL, and one cluster was identified in left posterior parietal cortex.
We then asked where activity was similar for hits and false alarms when the confidence ratings associated with these two conditions were equated. We carried out analyses separately for high-confidence trials and low-confidence trials. No clusters were identified in the analysis of the low-confidence trials. For the high-confidence trials, two clusters in posterior parietal cortex (and no clusters in the MTL) were identified (Table 2; Fig. 3 ). One cluster (cluster 2 in Table 2 and Fig. 3 ) was new and independent of the cluster identified before confidence was equated. The other cluster (cluster 1 in Table 2 and Fig. 3 ) was adjacent to and partially overlapped with the cluster that had been identified before equating confidence ratings.
Discussion
Participants made recognition memory judgments in the fMRI scanner for previously studied scenes and novel scenes. We first identified brain areas that distinguished true memory (i.e., hits) and false memory (i.e., false alarms) without taking confidence ratings into account. This analysis identified the left hippocampus, 15 neocortical regions, and the caudate nucleus. Activity in all of these regions was linearly related to confidence levels. Thus, these regions likely distinguished high and low confidence rather than true and false memories per se.
When we equated the confidence ratings associated with true and false memories and repeated the same analysis, only three regions (all in parietal cortex) distinguished true and false memories. Two of these regions minimally overlapped with regions identified when confidence was not equated, and one region was new. In addition, there was one sub-threshold MTL cluster (Table 1 ; Fig. 2 ). Thus, brain activity can distinguish true memory and false memory even when the two kinds of memory judgments are made with similar levels of confidence.
Last, we identified regions where activity was similar for true memory and false memory (and also higher than for correct rejections). One cortical region (and no MTL regions) exhibited similar activity for true memory and false memory before confidence was taken into account. When confidence was equated for hits and false alarms (and correct rejections), two regions in posterior parietal cortex exhibited similar activity for true and false memories (Table 2; Fig. 3 ). These included one new region and one region that partially overlapped with the region that had been identified before equating for confidence. Accordingly, brain activity in these two regions was related to the judgment that the scene had been presented previously, regardless whether the judgment was correct or incorrect.
The hippocampus and true and false memories
Hippocampal activity differentiated true and false memories when confidence ratings were different for the two conditions. This finding is consistent with the results of the only other study that compared hits and false alarms and where targets and foils were unrelated (Kirwan et al. 2009 ). In that study, hits were associated with higher confidence than false alarms, and the hippocampus exhibited higher activity for hits than for false alarms.
Other findings also indicate that hippocampal activity can differentiate true and false memories when confidence ratings are not controlled, so long as accuracy is relatively high as in our study [79.8% correct; accuracy ¼ hit rate/(hit rate + false alarm rate)]. For example, Gutchess and Schacter (2011) and Kirwan et al. (2009) obtained a hippocampal finding when all hits were contrasted with all false alarms, and memory scores were high (accuracy ¼ 70.7% and 75.4% correct, respectively). In contrast, studies that did not obtain hippocampal findings had lower accuracy rates (Schacter et al. 1996 : 54.0% correct; Schacter et al. 1997: 61.1% correct; Cabeza et al. 2001: 52 .4% correct; Slotnick and Schacter 2004: 53.4% correct; Garoff-Eaton et al. 2007: 59.3% correct; Iidaka et al. 2012: 54.1% correct) .
The relationship between accuracy and the finding that hippocampal activity can differentiate true and false memory is less clear in studies where true or false memory refers to accurate or Figure 2 . Brain regions in parietal cortex and MTL where activity was higher for true memory (hits) than false memory (false alarms) and confidence ratings were similar for these conditions (also see Table  1 ). Cluster numbers correspond to cluster numbers in Table 1 . Note that the finding for the MTL cluster was sub-threshold (voxel-wise P , 0.05, uncorrected). L, left; y, anterior -posterior Talairach coordinate for each coronal section. When confidence ratings were equated (and accuracy was high, 74.9% correct), hippocampal activity marginally distinguished true and false memories (i.e., voxel-wise probability P , 0.05 uncorrected). In contrast, no MTL regions distinguished true and false memories in the case of memory judgments made with low confidence (accuracy ¼ 45.7% correct). These findings for the hippocampus are consistent with results from two other studies. In one study (Kim and Cabeza 2007) , the hippocampus distinguished high-confidence true and false memories (Sure-Hits and Sure-False Alarms; accuracy ¼ 71.0% correct) but not low-confidence true and false memories (Unsure-Hits and Unsure-False Alarms; accuracy ¼ 43.5% correct). In the second study (Dennis et al. 2012) , hippocampal activity distinguished true and false recollection (using a Remember, Know, New Paradigm; accuracy ¼ 70.6% correct). Recollection is typically associated with high confidence and high accuracy (Wixted 2007 ).
The neocortex and true and false memories
The neocortex distinguished true and false memories when confidence ratings associated with the two conditions were similar. Specifically, parietal cortex (BA 7/40) exhibited higher activity for hits than for false alarms. The finding is in agreement with earlier work demonstrating a role for this region in the retrieval of contextual information (Curran 2000) , a circumstance more likely to occur for true memory than for false memory. Kim and Cabeza (2007) also found regions in the parietal cortex that distinguished true and false memories when confidence was equated, but these regions exhibited higher activity for false memory than for true memory.
Other studies that did not equate confidence found that activity in posterolateral parietal cortex (BA 7/39/40) was higher for true than for false memory (Cabeza et al. 2001; Slotnick and Schacter 2004; Stark et al. 2010) . We also detected clusters in the posterolateral parietal cortex for the contrast of hits and false alarms when confidence levels were not equated. Activity in these regions was linearly related to confidence levels. Accordingly, activity in posterolateral parietal cortex is likely related to confidence in the perceived oldness of the stimuli (also see Buckner 2003, 2004) and not to true and false memories per se. Similarly, the activity we observed in prefrontal cortex (when confidence was not equated) is likely related to confidence and not to true and false memories. This activity was higher for false alarms than for hits (also see Schacter and Slotnick 2004) and was negatively related to confidence ratings.
Last, one region in posterolateral parietal cortex responded similarly for true and false memories before confidence was equated. In contrast, earlier studies that tested for regions that responded similarly for true and false memories (Kahn et al. 2004; Slotnick and Schacter 2004; Garoff-Eaton et al. 2006 , 2007 Gutchess and Schacter 2011) found a number of brain regions in frontal, temporal, parietal, and occipital cortex. Note that in these earlier studies, the targets and foils were conceptually or perceptually related. This circumstance may increase the number of regions that respond similarly for true and false memories.
Conclusion
The MTL distinguished true and false memories when the level of confidence was different for each kind of memory. A partially overlapping region in the MTL distinguished true and false memories when confidence was high and also similar for the two conditions, but only at a lower threshold. Many neocortical regions also distinguished true and false memories when the memory judgments differed in confidence. However, only three regions (in parietal cortex) distinguished true and false memories when confidence was equated. In addition, one region responded similarly for true and false memories before confidence was equated. After confidence was equated, one partially overlapping region plus one new region (both in posterior parietal cortex) responded similarly for true and false memories. Our findings underscore the importance of taking confidence ratings into account when identifying brain regions associated with true and false memories. Brain activity associated with true and false memories are most easily interpreted when confidence ratings are equated.
Materials and Methods
Participants
Eighteen participants (10 female; mean age ¼ 29 + 1.4 yr; range ¼ 21-42 yr) were recruited from the San Diego community.
Materials and procedure
A total of 800 color photographs of indoor/outdoor scenes were used (Fig. 1) . The scenes were selected so that they were as distinct as possible from one another in order to minimize the possibility that participants would mistake one scene for another. Participants studied a different set of 80 scenes one month, one week, one day, and one hour before scanning. Data were combined across all study-test delays. (Results examining brain activity as a function of study-test delay will be reported elsewhere). Each scene was presented for 5.5 sec. One of three yes/no questions appeared above each scene to encourage deep encoding: "Is this an everyday scene?," "Does the scene remind you of a place you have been?," and "Can you picture yourself in the scene?." Participants responded by pressing "yes" or "no" on a keyboard. Which 80 scenes were presented in each study session was randomized across participants.
During scanning, 240 studied scenes (60 from each study session) were intermixed with 240 novel scenes and 606 baseline trials (Fig. 1) . For scene trials, a scene was presented for 1 sec, and participants then had 3 sec to make a recognition judgment with confidence ratings (1 ¼ definitely new, 2 ¼ probably new, 3 ¼ maybe new, 4 ¼ maybe old, 5 ¼ probably old, and 6 ¼ definitely old). Recognition judgments were made by selecting the appropriate number (1 -6) on the screen with a mouse (Current Figure 3 . Brain regions in posterior parietal cortex where activity was similar for true memory (hits . correct rejections) and false memory (false alarms . correct rejections) and confidence ratings were similar for these conditions. Cluster numbers correspond to cluster numbers in Table 2 . The t-value represents the average t-value for the two contrasts that comprised the analysis. L, left; y, anterior -posterior Talairach coordinate for each coronal section. 
Designs, Philadelphia, PA). For baseline trials, participants saw a single digit (1-9) and indicated by mouse whether it was odd or even (2 sec) (Stark and Squire 2001) . For both the scene and baseline trials, the starting location of the mouse cursor on the screen was randomized. Thus, rightward or leftward movements of the mouse on each trial were uncorrelated with rightward or leftward movements toward the right or left side of the scales (see Fig. 1 ). The test phase consisted of 6 scan runs. Each run (8.7 min duration; 261 images) consisted of 10 scenes from each of the four study sessions and an equal number of new scenes (80 scenes total). Zero to seven baseline trials (101 trials/run) were presented after each scene trial (mean ¼ 2.5 trials). Each scene was equally likely to be studied before scanning or to serve as a target or a foil during scanning.
fMRI imaging
Imaging was carried out on a 3T General Electric scanner at the Center for Functional MRI (University of California San Diego). Functional images were acquired using a gradient-echo, echoplanar, T2
* -weighted pulse sequence (2000 msec TR; 64 × 64 matrix size; 25 cm field of view; 3.9 × 3.9 mm in-plane resolution). The first five images acquired were not analyzed to allow for T1 equilibration. Thirty-six oblique coronal slices (slice thickness ¼ 4.8 mm) were acquired perpendicular to the long axis of the hippocampus and covering the whole brain. Following the six functional runs, high-resolution structural images were acquired using a T1-weighted IR-SPGR pulse sequence (25.6 cm field of view; 172 slices; 1.0 mm slice thickness; 256 × 256 matrix size).
fMRI data analysis fMRI data were analyzed using the AFNI suite of programs (Cox 1996) . For preprocessing, functional data were corrected for field inhomogeneities with field mapping data collected before functional scanning, coregistered in three dimensions with the anatomical scan, slice-time corrected, resampled to 3-mm isotropic voxels, and co-registered through time to reduce effects of head motion (using afni_proc.py). Large motion events, defined as MR volumes in which there was . 0.3˚of rotation or .0.6 mm of translation in any direction across functional images, were excluded from the deconvolution analysis by censoring the affected time points but without affecting the temporal structure of the data.
Behavioral vectors (described below) along with six vectors that coded for motion (three for translation and three for rotation), and three polynomial vectors that coded for linear, quadratic, and cubic drift in the MRI signal were used in deconvolution analyses of the fMRI time series data (3dDeconvolve software). The deconvolution method does not assume a shape of the hemodynamic response, and the fit of the data to each model was estimated for each time point independently (0-10 sec after trial onset). The resultant fit coefficients (b coefficients) represent activity (relative to the digit task baseline) in each voxel for a given time point and for each of the response categories. This activity was summed over the expected hemodynamic response (2-10 sec) after the trial onset and taken as the estimate of the response.
To combine the data across participants, we used Advanced Normalization Tools (ANTS), which implements SyN (symmetric normalization), a diffeomorphic registration algorithm (Klein et al. 2009 ). An averaged anatomical volume was constructed based on the Talairach-transformed structural scans from each participant. After spatial transformation of the anatomical scans, the functional maps (i.e., summed b weights) were also transformed to the same common anatomical space. After preprocessing and spatial transformation, the amount of spatial smoothing was 5.78 mm (calculated using 3dFWHMx). No additional spatial smoothing was carried out.
Two models were created. For each model, behavioral vectors were created that coded each retrieval trial according to the memory confidence rating (1-6) and the old/new status of the stimulus. When a participant had 5 or fewer trials for a behavioral vector, the participant was excluded from that analysis (see second model below). One model (N ¼ 18) categorized targets and foils presented during scanning according to their old/new status and according to the confidence ratings given during scanning: hits (confidence ratings 4 -6 for targets), misses (confidence ratings 1-3 for targets), correct rejections (confidence ratings 1 -3 for foils), and false alarms (confidence ratings 4 -6 for foils). The mean number of trials per participant for each of the four trial types was 193 + 5, 47 + 5, 174 + 6, and 66 + 6, respectively.
As is typically the case in memory experiments, when participants indicated that they had viewed a scene before, they gave higher confidence ratings when they were correct (hits) than when they were incorrect (false alarms). We therefore created another model in order to analyze the data for hits and false alarms when confidence ratings were similar for the two trial types. This model separated trials for hits and false alarms into trials when confidence was similar but low (items identified as "maybe old", i.e., confidence ratings of 4; N ¼ 17) and trials when confidence was similar but high (items identified as "probably old" or "definitely old", i.e., confidence ratings of 5 or 6; N ¼ 17). Confidence ratings 5 and 6 were combined to create a single high-confidence condition because five participants gave too few false alarms with a confidence rating of 6 to allow for fMRI analysis based on this confidence rating alone. With this procedure the average confidence rating was 5.8 for hits and 5.2 for false alarms. To match confidence ratings more closely, we included all hit trials associated with a confidence rating of 5, and for each participant we randomly selected for analysis a proportion of the hit trials associated with a confidence rating of 6. This was done such that the ratio of 5 trials to 6 trials was the same for hits and false alarms (mean confidence rating for both high-confidence hits and false alarms was now 5.2). On average, 119 + 9 hit trials associated with a confidence rating of 6 were eliminated for each participant. These trials were combined into one behavioral vector but were not analyzed further. The mean number of trials per participant for low and high-confidence conditions was 27 + 3 and 49 + 4 for hits and 33 + 3 and 35 + 5 for false alarms, respectively.
Vectors were also created for low-confidence and highconfidence correct rejections (for the conjunction analysis, see below). The low-confidence trials included items identified as "maybe new", i.e., a confidence rating of 3 (N ¼ 18). The highconfidence trials included items identified as "probably new" or "definitely new", i.e., confidence ratings of 2 or 1 (N ¼ 18). By inverting these confidence scales to align with items identified as old (1 ¼ 6, 2 ¼ 5, 3 ¼ 4), average confidence ratings for the low-and high-confidence correct rejections were 4.0 and 5.4, respectively.
For the analyses of interest, we first identified brain regions that differentiated true memory (hits) and false memory (false alarms) by carrying out a paired t-test for all hits and false alarms. Next, we carried out paired t-tests to identify brain regions that differentiated true and false memories when the confidence ratings associated with hits and false alarms were similar. One test compared low-confidence true and false memories. The other test compared high-confidence true and false memories.
Finally, we used conjunction analyses to identify brain regions where activity was similar for true memory and false memory. We first carried out a conjunction analysis using all hits, false alarms, and correct rejections to identify voxels that were common for true memory (hits . correct rejections) and false memory (false alarms . correct rejections) (Garoff-Eaton et al. 2006; Gutchess and Schacter 2011) . These voxels were then exclusively masked with (i.e., to eliminate) voxels where activity was significantly different for hits and false alarms (i.e., hits . false alarms or false alarms . hits), leaving only voxels that exhibited similar activity for true and false memories. Next, we carried out two conjunction analyses for trials where confidence ratings were similar for hits, false alarms, and correct rejections. One analysis was carried out for low-confidence true memory (low-confidence hits . low-confidence correct rejections) and low-confidence false memory (low-confidence false alarms . low-confidence correct rejections). The other analysis was carried out for high-confidence true memory (high-confidence hits . high-confidence correct rejections) and high-confidence false memory (high-confidence Cold Spring Harbor Laboratory Press on November 10, 2015 -Published by learnmem.cshlp.org Downloaded from false alarms . high-confidence correct rejections). At each confidence level, the identified voxels were exclusively masked with (i.e., to eliminate) voxels where activity was significantly different for hits and false alarms (i.e., hits . false alarms or false alarms . hits) at the corresponding confidence level, such that the remaining voxels were those that exhibited similar activity for true memory and false memory.
All analyses (including t-tests, conjunction analyses, and exclusive masks) were thresholded at a voxel-wise probability of P , 0.01. We corrected for multiple comparisons across voxels by using a minimum cluster extent threshold to account for false positives. Specifically, a Monte Carlo simulation using AlphaSim software was used to determine the minimum cluster size needed to obtain a cluster-wise probability threshold of P , 0.05. The correction also took into account the amount of spatial smoothing calculated from the data (5.78 mm). This correction was carried out separately for the MTL (1,214 3-mm isotropic voxels) and the whole brain (59,040 3-mm isotropic voxels). The MTL analyses included only regions in the MTL (i.e., the hippocampus and parahippocampal gyrus), which were hand drawn based on the averaged anatomical volume. The whole-brain analyses excluded the MTL regions. Based on the Monte Carlo simulation, we determined that clusters needed to contain at least 12 contiguous voxels in the MTL (324 mm 3 ) and at least 33 contiguous voxels in the whole brain (891 mm 3 ) to obtain a cluster-wise probability threshold of P , 0.05. For the conjunction analyses, each individual contrast was thresholded at P , 0.01 for a conjoint threshold of P , 0.01 (Nichols et al. 2005) .
